To date, one repeating and many apparently non-repeating fast radio bursts have been detected. This dichotomy has driven discussions about whether fast radio bursts stem from a single population of sources or two or more different populations. Here we present the arguments for and against.
The field of fast radio bursts (FRBs) has increasingly gained momentum over the last decade.
Overall, the FRBs discovered to date show a remarkable diversity of observed properties (see ref 1 , http://frbcat.org and Fig. 1 ). Intrinsic properties that tell us something about the source itself, such as polarization and burst profile shape, as well as extrinsic properties that tell us something about the source's environment, such as the magnitude of Faraday rotation and multi-path propagation effects, do not yet present a coherent picture. Perhaps the most striking difference is between FRB 121102, the sole repeating FRB 2 , and the more than 60 FRBs that have so far not been seen to repeat. The observed dichotomy suggests that we should consider the existence of multiple source populations, but it does not yet require it.
Most FRBs to date have been discovered with single-pixel telescopes with relatively large angular resolutions. As a result, the non-repeating FRBs have typically been localized to no better than a few to tens of arcminutes on the sky (Fig. 2) . This relatively poor localization has made unambiguous associations with multi-wavelength counterparts and potential host galaxies challenging, thereby hindering a consensus for their origin. FRB 121102's repeating nature has permitted interferometric observations resulting in its localization to a dwarf galaxy at a redshift of z = 0.19 (ref. 3 ) and deep multi-wavelength observations. Nevertheless, the exact nature of the 2 source remains to be determined.
We can look to two fields in astronomy for historical guidance: radio pulsars and gamma-ray bursts (GRBs; see the Comment by S. R. Kulkarni in this issue) The radio emission from pulsars shows a dizzying range of properties. Much of this diversity correlates empirically with properties of the neutron star, such as its age, magnetic field and rotation period, but a detailed understanding of the origin of the radio emission cannot yet be fully explained on theoretical grounds. On the other hand, GRBs show us that the Universe is capable of producing transient events that are observationally similar but in fact are produced by at least two different source populations. Arguably the most important lesson to be learned from the study of GRBs is that identifying multi-wavelength counterparts and host galaxies was key to understanding their astrophysical nature.
The obvious case to make for multiple FRB populations is that the repeater has a different origin to the other known FRBs. Repeat bursts were discovered from FRB 121102 after only three hours of follow-up observations 2 , while the positions of other known FRBs have been observed for hundreds of hours or more with no repeats (see, for example, ref. 4 ). Unfortunately, when nothing is known about the astrophysical nature of these sources, the absence of repeat bursts is suggestive of, but cannot prove, the existence of multiple origins. Notably, FRB 121102 was discovered with the Arecibo Observatory, which is significantly more sensitive than any other radio telescope discovering FRBs to date. Potentially the source of FRB 121102 is intrinsically more active or closer than the other FRBs or its environment is more suitable for magnification of the bursts from plasma lensing 5 , and combined with Arecibo's raw sensitivity, this aided the rapid discovery of 3 repetitions.
In any case, if all FRBs were repeaters and the statistics of the repeat rate were non-Poissonian, then initial bursts would be expected to be promptly accompanied by additional bursts, as in the case of FRB 121102 (ref. 6 ). In this scenario, prompt follow-up observations are more likely to yield repeating bursts. Since the detectability of pulses emulating a Poisson process is only affected by the total time spent observing the source, multiple short follow-up observations rather than long ones are more likely to yield repeat pulses. Also, FRBs detected by less sensitive telescopes would benefit from follow-up with higher sensitivity telescopes when looking for repeat pulses. Nevertheless, the absence of repeat pulses alone cannot rule out the existence of a sin- As well as inspiring a large number of new observing campaigns and instrumentation, the discovery of FRBs has led to a large number of theoretical explanations that suggests that more than one class of FRB could indeed exist. Prior to the discovery of FRB 121102, the short duration and energetics of FRBs seemed to suggest that the triggering event was likely cataclysmic in some way, that is, it resulted in the destruction of the progenitor or companion. Examples include the merging of a pair of neutron stars or black holes (see, for example, ref. 9 ), the collision of a white dwarf or asteroid with a neutron star (see, for example, ref. 10 ), or the collapse of a heavy neutron star to a black hole (also known as a blitzar 11 ). The challenge for these models is to create the diversity in burst shape, and polarization if it is intrinsic, with a single mechanism. While the blitzar model can potentially produce a couple of pulses, anything more complex doesn't fit with these models (see, for example, ref. 7 ). Perhaps these are the sources that should be targeted for repetition studies due to the hint of similarity to FRB 121102.
Models of a non-cataclysmic nature tend to concentrate on neutron stars because of their extreme gravitational and magnetic environments. It is possible that the FRBs represent some form of extreme pulsar (see, for example, ref. 12 ), or exceptional pulses from a giant-pulse-emitting pulsar (see, for example, ref. 13 ), although the former model does raise issues related to the total amount of energy available and the lifetime of the objects, which in turn has implications for the population of progenitors (that is, they may have to be multitudinous). The lack of an identified periodicity in the pulses from FRB 121102 also challenges these models. One of the first ideas for FRBs is that they are somehow associated with magnetars, which have energetics that are not limited by the spin-down energy of the neutron star 14 . An association with a high-energy source could help to determine whether this model is viable, and the more sporadic nature and emission across large fractions of the spin-phase in the radio may help to explain the lack of measured periodicity.
The inferred volumetric rate of FRBs is in the range 2,000-7,000 Gpc −3 yr −1 out to a red-6 shift z ≈ 1 (ref. 15 ). This is consistent with the volumetric rates of a range of transients like low-luminosity long GRBs, short GRBs, neutron-star neutron-star mergers and various types of supernovae such as core-collapse and type Ia 16 . In the simplest case, the repeater could belong to a different evolutionary phase of a given source population. For instance, rotating radio transients (RRATs) and FRBs could potentially be endpoints on a continuum across several orders of magnitude in luminosity. However in order to discern this enigmatic population, it is vital to localize the source to within a few arcseconds upon discovery, as repeating FRBs are rare, particularly if there is no afterglow or associated emission at any other wavelength that might help to reveal the location with sufficient precision.
The key question is: what observations should we carry out to settle the debate? Large samples of FRBs without precise localizations can provide an approximate solution to the nature of FRBs (such as those expected from CHIME and ASKAP in 'fly's-eye mode') and potentially as cosmological probes. In particular, FRBs detected with polarization information and a temporal resolution not dominated by propagation effects would be particularly interesting. A subpopulation of FRBs that is observed to repeat with relative ease next to a sub-population that is never observed to repeat, coupled with trends in burst profile, spectrum and polarization properties, could make a strong case for multiple populations.
But the crucial observation will be the properties of FRB host galaxies and multi-wavelength counterparts. FRB 121102 illustrated this clearly. The astrophysical origin scenarios were narrowed down through properties of the host galaxy and the persistent, compact radio source spa-7 tially coincident with the bursting source 3, 17 . Other than its existence, the only key observational clue to the origin scenario that the bursting source provided is its large rotation measure. So, while exploring the nature of FRBs themselves will provide important insights into their origin, it will be most effective when combined with information about host galaxy properties.
Interferometers with high sensitivities (such as MeerKAT and UTMOST) are expected to detect dozens of new FRBs with sufficient localization to be able to identify host galaxies. Arcsecond 
